INTRODUCTION

MATERIAL AND METHODS
The genotypes used consisted of 16 common bean cultivars used in the Rede Cooperativa Sul Brasileira de Pesquisa de Feijão (Tables 1 and 2 ). Since the Carioca cultivar is very old, cross pollination or naturally occurring mutations may have been sufficient to alter the genetic base of the Carioca common bean population over time. For that reason, the present study evaluated Carioca cultivar samples used in four different Brazilian research DNA was extracted according to the procedures reported by Pereira et al. (2007) , using approximately 2 g young leaves from 30 plants of each cultivar. A bulk sample was prepared for each cultivar from the extracted DNA. The number of genotypes constituting the bulks was defined experimentally by Schuster et al. (2004) in soybean. These authors showed that different alleles could be identified in a bulk DNA mixture up to a ratio 1:7 (one contaminating genotype for seven pure genotypes). Bulks were prepared using the DNA of 30 plants from each crop, with the aim of identifying SSR alleles with a frequency of at least 15% (Schuster et al., 2004) . The mixtures observed in relation to seed appearance in each cultivar were eliminated been kept only those that look the patternPrimer pairs were selected based on their distribution on the chromosome map of common bean and on the trait associated with the locus marked by the primer in question (Table 3 ). This allows genetic divergence to be analyzed taking into account information from the different linkage groups that constitute the common bean genome, thus increasing the efficiency of the estimate of divergence. By selecting primers associated with QTLs of interest, genetic divergence could be characterized in relation to traits of interest in breeding programs. PCR reactions were then carried out to evaluate the segregation pattern arising from amplification of the primers among the populations under study. For each reaction, we used 20 ng DNA, 100 μM of each dNTP, 1 U Taq DNA polymerase, buffer composed of 50 mM Tris pH 8.3, 20 mM KCl, 2 mM MgCl 2 , 10 μg BSA, 0.25% Ficoll 400, 10 mM tartrazine, and pure water. The final volume for each reaction was 12 μL. The reactions were carried out according to the following program: 2 min at 95°C for denaturation, followed by 32 cycles of denaturation of 94°C for 20 s, annealing for 20 s at 46°-68°C, and extension at 72°C for 60 s.
The amplification products were subjected to vertical electrophoresis on 8% polyacrylamide gels that were stained with silver nitrate. Fragments of different sizes were considered different alleles. In this study, the loci at which the most common allele had a frequency of less than 95% were considered polymorphic (Cole, 2003) .
Genotyping was carried out using 22 polymorphic SSRs in the 20 cultivars analyzed that exhibited clearly resolved bands in polyacrylamide gel.
Genetic diversity was characterized by estimates of allele frequency, mean number of alleles per locus, number of effective alleles per locus, observed heterozygosity (H O ), expected heterozygosity (H E ), and polymorphic information content (PIC).
Genetic divergence among the cultivars was estimated using the complement of the weighted similarity coefficient (Cruz et al., 2011) . Cluster analysis was carried out by the unweighted pair group method with arithmetic mean (UPGMA). The cophenetic correlation coefficient (CCC) was established from the Pearson linear correlation between the elements of the cophenetic matrix and the elements of the dissimilarity matrix (Cargnelutti-Filho et al., 2010) .
The population structure was evaluated from the estimates of kinship among the 20 cultivars (Table 1 ) using the Structure Harvester software (Earl and von Holdt, 2012) based on analysis of the heterogeneity of distribution of the cultivars among groups of greatest similarity, using the Structure v. 2.3.2 software (Pritchard et al., 2000) and through analysis of molecular variance (AMOVA) as proposed by Excoffier et al. (1992) .
RESULTS AND DISCUSSION
All 22 loci contained alleles with a frequency lower than 95% and were therefore considered polymorphic (Figure 1) . The 22 primers evaluated amplified 56 alleles, with a mean 2.5 alleles per locus (Table 4 ). There was variation of 2-4 alleles per locus, with the primers PvBR25 and ATA6 being the most informative (Table 4) . Cardoso et al. (2013 Cardoso et al. ( , 2014 found a mean number of alleles per locus greater than that seen in the present study. In 2013, the authors evaluated the genetic divergence of 172 common bean lines and cultivars making up five VCU trials conducted by the genetic breeding program of Embrapa Arroz e Feijão using 30 pairs of polymorphic primers. In that study, an average of 7.79 alleles per locus was observed. In 2014, the same authors obtained an average of 8.29 alleles per locus in a study of genetic divergence of 157 commercial common bean cultivars using 24 polymorphic primers. In this study, an average number of alleles per locus less than the numbers presented by the authors was observed, probably because of the smaller number of genotypes evaluated and the greater kinship among them. N A = total number of alleles; N E = effective number of alleles; H O = observed heterozygosity; H E = expected heterozygosity, and PIC = polymorphic information content. Table 4 . Indices of genetic diversity and inbreeding of the 20 common bean cultivars evaluated using 22 SSR loci.
The effective number of alleles per locus ranged from 1.105 to 3.306, with the mean number being 1.931 (Table 4 ). This estimate was less than the mean number of alleles per locus, indicating the presence of rare alleles, probably resulting from a varietal mixture or cross-pollination.
The observed heterozygosity was less than the expected heterozygosity in loci of an ideal population for most of the loci analyzed (Table 4 ). The observed heterozygosity ranged from 0.000 to 0.800 with a mean value of 0.122. The expected heterozygosity ranged from 0.095 to 0.698 with a mean value of 0.435. This result indicates an excess of homozygosis for most of the loci evaluated in relation to an ideal population. As common bean is an autogamous plant, it was expected that the observed heterozygosity per locus would be less than the expected heterozygosity for all loci. Nevertheless, this did not occur, probably due to the occurrence of a varietal mixture or cross pollination in the experimental stations of the institutions supplying the cultivars. It is necessary to consider, however, that in various SSR loci in common bean, there is heterozygosis even after 24 generations of self-pollination (Rodrigues and dos Santos, 2006) .
In general, the discriminatory power of the loci analyzed (PIC) was considered moderately informative, ranging from 0.095 to 0.699, with a mean value of 0.436 (Table 4) .
The complement of the weighted similarity coefficient calculated to estimate the dissimilarities among the cultivars ranged from 0.0357 to 0.8125 (Figure 2) . The cophenetic correlation coefficient between the graph distances and the dissimilarity data shown in the dendrogram was 83% (CCC = 0.8343). This estimate indicates high reliability in representation of the dissimilarity data by the dendrogram. The lowest estimate was found between the Carioca cultivars supplied by UFLA and the one supplied by EMBRAPA Arroz e Feijão (CNPAF). This was expected since the cultivar used by UFLA was originally a seed sample supplied by EMBRAPA Arroz e Feijão, which was later multiplied at the university. The greatest value of genetic dissimilarity was found between the cultivars CNFP 10104 and BRS MG Realce, which belong to different commercial types and genetic groups, Black/ Mesoamerican and Streaked/Andean, respectively. Additionally, cultivar LP 07-80, which is of the Carioca commercial type, is one of the most divergent as compared to the other cultivars studied (Table 2 and Figure 2 ). This wide divergence may be due to its origin, since a great number of genotypes were crossed, including the cultivar 'Great Northern', obtained in North America (Table 2) . Consequently, LP 07-80 contains more allelic diversity, and if it has promise for growing, it will certainly have promise as a parental line in breeding programs. With the help of the dendrogram obtained, it is also possible to observe the genetic divergence among the 'Carioca' cultivars supplied by the institutions. This divergence between samples may be used during genetic breeding. The 'Carioca' cultivar supplied by the CNPAF and the one supplied by UFLA were the least divergent. Nevertheless, they showed divergence in relation to the cultivar supplied by IAC, which is considered to be the standard, because according to the Coordenadoria de Assistência Técnica Integral (Office of Integral Technical Assistance), the original 'Carioca' cultivar was identified and released by the IAC. The 'Carioca' cultivar supplied by the IAPAR showed similarity to the cultivar CHC 01-175, and it was considered the most divergent among the 'Carioca' cultivar samples evaluated. Nevertheless, the different samples of the 'Carioca' cultivar are not highly divergent when compared to the other cultivars. Similarity of the cultivar CHC 01-175 to the 'Carioca' supplied by IAPAR is due to genealogy since the parent of the cultivar CHC 01-175 was 'IAC Eté', which belongs to the Carioca commercial type.
Considering that 50-100 fragments of amplified DNA are sufficient to estimate genetic relationships between and among populations of plant species (Colombo et al., 2005) , the 56 fragments used in this study may have been sufficient to effectively estimate the genetic divergence among cultivars.
The results of bootstrap analyses carried out using 56 fragments of 20 cultivars are shown in Table 5 . With 21 markers, it is possible to represent the genetic divergence among the accessions as satisfactory as with the 22 markers since the estimate of mean stress is less than 0.05%. Therefore, the correlation between the measures of divergence obtained using 22 markers was greater than 0.95% and indicates that a satisfactory number was used in the study. Table 5 . Bootstrap analysis for identification of the optimum number of markers from evaluation of mean stress. Through the population structure analysis implemented by the Structure software, the cultivars were separated into two groups of greatest genetic similarity (Figure 3 ).
Group 1 comprised most of the Carioca commercial type cultivars, and Group 2 comprised the Black commercial type cultivars. Nevertheless, there were Carioca type cultivars that had greater similarity to those of the Black type and vice-versa. This indicates the existence of alleles that are characteristic of one group that may also be found in another group because of kinship between cultivars in both groups. During the breeding process, crosses were made using parents of the two commercial groups (Black and Carioca) to associate favorable alleles from both (Table 1 ). The cultivars BRS MG Realce and TB 02-24, belonging to the Streaked and Red commercial types respectively, probably contain SSR alleles that are most similar to those of the Black group. Among these alleles, there may be QTLs of agronomic traits (Table 3) .
It should be noted that in Figure 3 , the location of the cultivar LP 07-80 is closer to the Black group, even though it belongs to the Carioca commercial type. This may be explained by the fact that it has Andean parents, just as BRS MG Realce and Great Northern Nebraska 1. sel. 27.
Additionally, the kinship observed may also be due, in part, to the cultivars having loci in heterozygosis (H O ) in an amount greater than expected for autogamous plants, at least partially reflecting the occurrence of a mixture and the heterozygosis maintained through natural selection in autogamous plants like common bean (Rodrigues and dos Santos, 2006) (Table 4 ). This may also be observed in the dendrogram (Figure 2 ). Few loci in heterozygosis were expected because the improved common bean cultivars are derived from crossing different parents, and in the segregating population, a generation F 2 plant or derivative is selfpollinated, which generates a progeny. The progenies obtained in this manner are successively self-pollinated and the best progeny that will constitute a new cultivar is selected. Therefore, it is expected that each cultivar be composed of a mixture of lines.
Considering the two groups formed, analysis of molecular variance was carried out (Figure 4) . Accordingly, genetic divergence between cultivars (61%) is greater than the divergence between the Carioca and Black groups (12%) and the divergence within each cultivar (27%). Considering that common bean is an autogamous plant, less divergence within cultivars was expected. This estimate, together with the high values of heterozygosity, indicates a mixture of lines in each cultivar as well as heterozygosis. The divergence among cultivars is quite marked, even in this set of only 20 already improved cultivars, indicating that they have lower vulnerability than may be seen in relation to pathogen resistance in soybean. Moreover, it indicates considerable variability among these improved cultivars, which might be manipulated in breeding programs. 
